Lysine caused a greater depression in growth of chicks fed a diet con taining casein than a diet containing a combination of safflower meal, corn gluten meal and soybean meal. Clycine, in the presence of arginine, appeared to exhibit a synergistic effect in alleviating the growth depression induced by an excess of lysine. Similarly, glycine supplementation decreased nitrogen retention in a diet containing 1% but not 2% lysine. The increased need for arginine and glycine in the diet containing an excess of lysine was not due to an increase in the excretion of creatinine and uric acid. The data indicate an interaction among arginine, lysine and glycine in the nutrition of the chicken, and suggest that the presence of glycine limited the growth depression by lysine in the diet containing the plant proteins.
The addition of an excess of lysine to a caseinâ€"gelatin or crystalline amino acid diet depressed growth and produced symp toms of an arginine deficiency in chicks (1â€" 3). The existence of a possible antagonistic interaction between arginine and lysine was proposed (4) and confirmed â€˜by many workers (2, 5â€"8) .Chicks fed ad libitum an amino acid diet containing an excess of 1% lysine increased their arginine requirement by 51% (9) . The mechanisms underlying this antagonism between lysine and ar ginine are not completely clear. Austic and Nesheim (10) proposed that changes in kidney arginase activity influence the ar ginine requirement of chicks. They ob served that feeding an excess of lysine, his tidine, tyrosine, isoleucine or threonine caused a growth depression which could be corrected partially by supplementary arginine. All of these amino acids, except threonine, increased the kidney arginase activity. The excretion of urea calculated as a percentage of arginine intake also in creased correspondingly in those groups. No competitive inhibition of arginine ab sorption from the gut due to an excess of lysine has been observed (7) and the arginineâ€"lysine antagonism is possibly of metabolic origin.
One of the adverse effects of an excess of lysine in a chick diet is a decrease in the potassium concentration in the muscle (11) . The nature of the interaction be tween arginine, lysine and cations was further investigated (11â€"13). It was postu lated that an excess of cation might prevent the induction of arginase by antagonizing lysine transport into kidney cells. A de crease in the kidney tubular reabsorption of arginine because of an excess of lysine in the plasma is another possible explanation for an increase in the arginine require ment due to an excess of dietary lysine (14, 15 ).
An addition of glycine to a casein diet improved the rate of gain of chicks (11, 16â€"18) .The role of glycine in the presence of arginine in overcoming the growth de pression induced by an excess of dietary lysine (19, 20) is not clear. The following study attempts to explore the role of di etary glycine in the arginineâ€"lysine an tagonism for chicks, and the effect of these three amino acids on the excretion of urea, uric acid and total creatine plus creatinine. lysine hydrochloride and glycine were added to the basal diet at the expense of glutamic acid on an equimolar basis. However, the dietary concentrations are expressed in terms of arginine and ly sine. Total excreta from all the groups of experiment 2 were collected and acidified three times daily on days 22 and 23, ho mogenized and stored at @38.90 until analyzed for uric acid, total creatine plus creatinine, nitrogen and urea. Daily feed intake during these 3 days was recorded. (26) .
RESULTS
The effect of various levels of arginine and lysine in casein, as well as corn-, soy beanand safflower meal-based diets, otherwise similar in total protein, arginine and lysine contents on growth of chickens was studied in experiment 1. Additional glycine was not added to these diets since the sum of the calculated values for serine and glycine contents met the requirement levels as suggested by the National Re search Council (27 glycine is very significant. An addition of 1 or 2% lysine to the basal diet reduced the weight gain at 4 weeks of age to less than half the gain on the basal diet. The feed/gain ratio was increased in both cases suggesting inefficient feed utilization. When 2% glycine was added to the 1% or 2% excess lysine diets, the symptoms of arginine deficiency such as leg abnormality (a measure of abnormal gait not perosis) and feathering score as a measure of spoon shaped frizzled feathers seem to be exag gerated (table 3) without a further statisti cally significant depression of gain in body weight of the chicks. An addition of 1.2% arginine to the diet containing 1% lysine or 2.4% arginine to the 2% lysine diet im proved the gain in body weights signifi cantly, but these were less than the gain on the basal diet. The inclusion of 2% glycine to the above two diets tended to increase the weight gain. The beneficial effect of glycine was significant in a diet containing an excess of 1% lysine and 1.2% arginine but not at the level of 2% lysine and 2.4% arginine. An improvement of the feathering score by glycine was suggestive but not significant.
The influence of these levels of glycine, arginine and lysine on the creatine plus creatinine content of chicken pectoral muscle in this experiment is shown in table 4. The concentration of muscle creatine plus creatinine was increased significantly over the basal groups by all the dietary treatments.
Except for the one group re ceiving 1% lysine, the groups receiving supplemental arginine have significantly higher creatine plus creatinine values than their respective control groups without ar ginine. Glycine supplementation of the diet also increased the muscle creatine plus creatinine content of the chicks signifi cantly in most cases. When both glycine and arginine are present in a diet at the same time, they exhibited an additive ef fect. The significantly elevated muscle creatine plus creatinine content in birds receiving an excess of lysine might possibly be a reason for the increase in arginine requirement.
The plasma uric acid concentration values in 4-week-old birds (table 4) do not show any clear-cut variation due to a change in the dietary amino acid supple mentation. However, a trend toward a re duction of the uric acid concentration in the plasma due to dietary arginine and glycine is noticed. The birds raised on diets containing an additional 2% glycine show the lowest uric acid level. The metabolic significance of this observation is not clear.
Since the birds receiving an excess of dietary lysine failed to grow as well as mmole urea excreted @< â€˜Expressed as mmole argjnjne consumed birds fed the basal diet and because these birds showed symptoms of an arginine deficiency associated with leg and feather abnormality, an attempt was made to de termine the amount of nitrogen retained by the body as well as the distribution of various nitrogen excretory products of these birds. The amount of nitrogen re tained by the birds (table 4) raised on 1% excess lysine diet was reduced from the basal diet by about 7% but the data were statistically insignificant (P < 0.05). The addition of 2% glycine to the 1% lysine diet caused a significant decrease in the quantity of nitrogen retained. Similarly, the â€˜birdsreceiving 2% lysine, or 2% ly sine with glycine showed a great reduction in nitrogen retention. The adverse effect of glycine was noticeable only in the presence of lysine. Glycine by itself or in the pres ence of an excess of arginine did not have any adverse influence on the amount of nitrogen retained by the body.
The data on the amount of urea excreted by the birds kept on various diets are given in table 5. The groups receiving either supplementary glycine, or glycine and lysine excreted more urea than the controls (which was significant in one case), and possibly converted a higher per centage of the dietary arginine to urea. On the other hand, supplementary lysine by itself failed to increase the excretion of urea above that of the control group. If the diet containing 2% glycine was supple mented with an excess of arginine, the urea excretion calculated as percentage of the dietary arginine was reduced significantly. An arginine supplement to diets containing an excess of lysine failed to reduce the urea excretion. However, in the presence of both lysine and glycine, supplementary arginine decreased the excretion of urea. The data again suggest the importance of glycine in influencing the urea excretion in presence of lysine.
Since uric acid is the major nitrogenous metabolite in the chicken, one would ex pect an increase in the amount of uric acid excretion due to the presence of excess of nitrogenous materials in the diet. The re sults given in table 5 repudiate this as sumption.
The amount of uric acid ex creted per gram of total nitrogen in the excreta was significantly lower in the arginine-supplemented groups. The excre tion of uric acid by birds fed the basal diet and/or glycine and/or lysine was of the same order. The pattern of uric acid excre tion closely followed the plasma uric acid pattern for most of the groups, and in par ticular, those groups receiving supple mentary arginine. Glycine supplementation failed to influence uric acid excretion either by itself or in the presence of arginine. The excretion of uric acid was very low for the by on October 3, 2009 jn.nutrition.org Downloaded from two groups receiving an additional 2% ly sine and 2.4% arginine either with or without 2% glycine. The importance, if any, of this observation is not clear.
An excess of lysine failed to increase the creatine plus creatinine level in the ex creta (table 5) . There was no significant difference between any of the groups in creatine plus creatinine excretion but all of the groups with glycine and/or arginine supplementation had from 14.0 to 15.5 mg/ day of creatine plus creatinine excretion, and those with lysine varied from 9.6 to 13.5 mg/day. Since there was no consistent increased quantitative loss of creatine â€˜plus creatinine in any of the treatments involv ing an excess of lysine, it is highly unlikely that creatine synthesis and excretion could be a factor in increased arginine require ment.
The expression â€oepercentage dietary ar ginine excreted as ureaâ€•is misleading be cause the levels of arginine in various diets are not the same. Therefore, the data on the excretion of the various nitrogenous metabolites were recalculated and ex pressed as percentage of the total nitrogen excreted in table 6. The percentage of the total nitrogen excreted as uric acid nitro gen was significantly lower in all groups fed supplementary arginine with or with out lysine and/or glycine. The data for ammonia nitrogen excretion are, in general, the reverse of uric acid results but differ ences between groups are not significant. The groups that excreted a lower propor-â€• tion of the total excretory nitrogen as uric acid, on the other hand, excreted a greater proportion of ammonia nitrogen. Differ ences in the excretion of urea nitrogen by the various groups were not significant and there were no clear-cut differences noticed. Creatine plus creatinine was a minor ex cretory product and no meaningful differ ence could be noticed.
GENERAL DISCUSSION
Lysine caused a greater depression in growth of chicks fed a diet containing casein than a diet containing a combination of plant proteins, suggesting that the presence of glycine in plant diets possibly limited the growth depression caused by lysine.
Almquist et al. (17) and Snetsingnr and Scott (19) reported an additive effect of glycine and arginine in improving the growth of chicks. on a casein-based diet, and on a semipurifled diet containing 4% supplementary lysine. However, in this study the presence of additional glycine exaggerated the growth depressing effect of 1% but not of 2% lysine, and appeared to have a synergistic effect in improving growth with arginine.
The addition of glycine alone did not precipitate an ar ginine deficiency nor did it help to alleviate the lysine-induced growth depression. The more severe deficiency of arginine observed in chicks raised on diets containing exces sive amounts of lysine and glycine when compared with those fed a diet containing an excess of lysine alone might be attrib uted to an increased loss of arginine from the body. The data on the excretion of urea support this possibility. An addition of 2% glycine to diets containing 1 or 2% lysine significantly increased the excretion of urea. An excess of lysine alone did not affect urea excretion. This difference between our results and those of Austic and Nesheim (10) may be due to the high glycine con tent of their basal diet.
The adverse effect of glycine and lysine on growth correlates with the poor nitro gen retention by the birds. Chicks receiv ing either 1 or 2% additional lysine re tained less nitrogen than the controls but the data were statistically significant at 2% lysine only. The adverse effect of an excess of lysine could not be due to en hanced uric acid and/or creatine synthesis and excretion because neither of them were excreted in greater quantity than the re spective controls. Creatine plus creatinine was a minor excretory product and no meaningful difference was noticed among the various groups. Austic and Nesheim (28) , using a strain of chicks selected for a high arginine requirement, reached a similar conclusion. They found the excre tion of creatine plus creatinine to be less than 5% of the dietary arginine consumed.
The biochemical explanation for an ex cess of arginine depressing the uric acid excretion is not clear, but the following possibility exists. Since the urine of the chicken is acidic, cations such as Na@, K@ and NH4@ may play a role in the acid base balance. Therefore, the excess of am monia which is excreted is probably an indication of a disturbance in acidâ€"base balance. Glutamine is the main source of urinary ammonia apart from its role in providing nitrogen for uric acid synthesis. An increase in the excretion of ammon'a would deplete glutamine which would in turn limit uric acid synthesis. The pub lished work on the subject of arginine lysine and cation interaction (13) is of sig nificance with respect to the acidâ€"base balance.
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